2 ) compared with unsupplemented control mice. [10] One possible explanation for the attenuation of skin barrier defects is that supplemental sphingomyelin relieves a decrease in covalently bound ω-hydroxy ceramides induced by a single dose of UVB irradiation. The stratum corneum (SC) consists of corneocytes surrounded by a neutral lipid-enriched intercellular matrix. Ceramides play an important role in retaining epidermal water and, in combination with cholesterol and free fatty acids, they influence permeability of the epidermal barrier. [11] [12] [13] The SC also contains covalently bound ω-hydroxy ceramides. These ceramides are most frequently bound via ester linkages to structural proteins in the epidermal cornified envelope (CE), which is a critical permeability barrier structure in the SC. [14] Previous studies showed that levels of covalently bound ceramides, but not unbound ceramides, were significantly reduced in parallel with a marked increase in TEWL following irradiation with a single UVB dose in hairless rodents. [15, 16] A significant and strong correlation was observed between covalently bound ceramides and TEWL in dry skin model mice. [17] Therefore, lipid species of this type are therefore thought to play a crucial role in the formation of lamellar structures and are involved in the maintenance of the skin barrier function. Thus, the presence of adequate sphingomyelin has the potential to decrease covalently bound ω-hydroxy ceramides, which can improve skin barrier function.
| Collagen hydrolysates
Collagen is a major constituent of connective tissues, such as the dermis, bone, cartilage and tendons. Gelatin is a denatured form of collagen prepared from animals, birds, and fish on an industrial scale [18] and is a popular food ingredient with numerous functional and nutraceutical properties. Collagen hydrolysates are manufactured from the hydrolysis of gelatin using a protease. Dietary collagen hydrolysates significantly attenuated both an increase in TEWL, and decrease in stratum corneum water content after a single dose of UVB irradiation (20 mJ/ cm 2 ) in mice. [19] Furthermore, repeated UVB irradiation (10-30 mJ/ cm 2 , three times/week for 6 weeks) increased TEWL, and decreased skin elasticity and dermal hyaluronic acid (HA) content in control mice, whereas collagen hydrolysates significantly suppressed an increase in TEWL and improved skin elasticity and dermal HA content. [19] Chronic UVB exposure can result in alterations in dermal structure and elasticity. [20] Elasticity is closely associated with the dermal components, especially the extracellular matrix, which is a dense meshwork of collagen and elastin, embedded in a viscoelastic ground substance composed of proteoglycans and glycoproteins, such as HA. [21] It has been shown that exposure of skin to chronic UVB irradiation damages the basement membrane and decreases the dermal HA content, due to the suppression of mRNA expression of HA synthase. [22] It was reported that the oral supplementation of collagen hydrolysates increased the mRNA expression of HA synthase 2 (HAS2). Furthermore, it was shown that collagen hydrolysates had stimulatory effects on extracellular matrix molecules in human fibroblasts. [23] Therefore, increasing dermal HA content may reduce the UVB-induced degradation of dermal matrix components, thereby increasing skin elasticity in animals fed collagen hydrolysates.
Collagen contains a high amount of hydroxyproline compared with other dietary protein sources. [24] Our previous reports showed that di-and tri-peptides, such as prolyl-hydroxyproline (Pro-Hyp),
prolyl-hydroxyprolyl-glycine and alanyl-hydroxyproline, were detected in human blood after the collagen hydrolysates consumption. [25] Pro-Hyp has been shown to increase cell proliferation and HA synthesis in human dermal fibroblasts. [23] This suggests that bioactive components in collagen hydrolysates may have both stimulated dermal fibroblasts and activated signalling for HA synthesis, increase dermal HA content.
Collagen hydrolysates supplementation improved an increased in TEWL induced by both a single dose and repeated doses of UVB irradiation. [19] As it remains unclear how dietary collagen hydrolysates improve skin barrier dysfunction induced by UVB exposure, future studies need to clarify the underlying mechanism.
| Lactic acid bacteria
Fermented milk products, such as yogurts, have been consumed for several thousand years, and their beneficial effects on health have probably been acknowledged for an equally long time. [26] Supplementation of milk fermented with Lactobacillus delbrueckii subsp. bulgaricus OLL1247 and Streptococcus thermophilus 3078 (11.3 g/kg BW/day) significantly attenuated erythema formation a single dose of UVB irradiation (20 mJ/cm 2 ) in mice. [27] The fermented milk was associated with a significant decrease in the formation of cyclobutane pyrimidine dimers (CPDs), and mRNA levels of xeroderma pigmentosum complementation group A (Xpa), which is involved in DNA damage recognition and repair, were upregulated. [27] Furthermore, supplementation of fermented milk significantly minimized increases in the ratios of interleukin mRNA levels for IL-10 (Il10)/IL-12 (Il12a) and Il10/interferon-γ (Ifng). [27] UV irradiation induces DNA damage predominantly via the formation of CPDs. [28] CPDs are molecular triggers that promote UVinduced skin damage which is characterized by erythema formation, immunosuppression and skin carcinogenesis. [29] UV-induced CPDs initiate the production of IL-10, [30] which downregulates IL-12 production. [31] The presence of IL-12 reduces the amount of DNA damage via the stimulation of NER (nucleotide excision repair), an outcome that has been reported in Xpa −/− knockout mice. Supplementation with exopolysaccharide (EPS) alone also provided beneficial photoprotective effects, similar to the results observed following the supplementation with milk fermented by lactic acid bacteria. [29] Several studies have reported that the ability of EPS, produced by lactic acid bacteria, stimulate immune responses. [33] [34] [35] Other studies have shown that plant polysaccharides can exert a photoprotective effect. Oligosaccharides from aloe vera extracts have attenuated systemic suppression of T cell-mediated immune responses in vivo and curbed the IL-10 production in UV-irradiated murine keratinocytes. [36] Thus, dietary polysaccharides, including EPS isolated from fermented milk, might contribute to the regulation of cutaneous immunity after a single dose of UV irradiation, resulted in the attenuation of DNA damage.
| CLINIC AL S TUDY
To date, few clinical studies have been able to demonstrate that food constituents can have beneficial effects when consumed in the event of UV-induced skin damage. Based on the prevailing situation, we developed a yogurt containing collagen hydrolysates and sphingomyelin, which could be consumed on a daily basis. We studied whether this particular yogurt could attenuate UV-induced skin erythema and increase the minimal erythema dose (MED) in human subjects.
The study was conducted in a randomized, double-blind, placebocontrolled manner. Seventy Japanese women were randomly assigned into one of two groups. [37] Subjects in the active group had a mean (± SD) age of 42 ± 5 years, mean MED of 26.0 ± 5.6 mJ/cm 2 , whereas the placebo group had a mean age of 42 ± 5 years, mean hydrolysates and sphingomyelin can increase MED in subjects whose skin sustained moderate sunburn and a sun tan after exposure to UV radiation.
| CON CLUS ION
Human skin is constantly exposed to the UV radiation in sunlight.
Consumption of food components with the potential to protect against the risk of damage to skin can be achieved by consuming foods that are rich sources of them, adding these components as ingredients to prepared or manufactured foods, and/or by consuming supplements that contain them. Additional randomized clinical trials are warranted to further elucidate the effectiveness of these photoprotective food components.
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